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Abstract: This systematic review and meta-analysis considered the results of randomized controlled clinical trials (RCTs) to
evaluate the efficacy of systemic or local antibiotic therapy in peri-implantitis. Two independent authors screened publications
from three electronic databases to include RCTs meeting all the inclusion and exclusion criteria. A meta-analysis was performed
to evaluate the weighted mean differences in survival rate (SR) and changes in pocket probing depth (PPD), bone level (BL),
and clinical attachment level (CAL). The study cohorts were defined as antibiotic and control groups with subgroups for
analysis. Seven studies including 309 patients (390 implants) were considered. Within the limitations of this review, patients in
the antibiotic groups exhibited significant improvements in PPD. Subgroup analysis indicated that the administration of systemic
antibiotics or the use of antibiotics in non-surgical treatments did not result in a significant alteration in BL. It was established
that the addition of antibiotics can ameliorate PPD and SR in the treatment of peri-implantitis, whether through surgical or non-
surgical approaches, and also shows moderate performance regarding BL and CAL. Considering the lack of application of new
technologies in the control group and the hardship of assessing the potential risks of antibiotics, careful clinical judgment is still
necessary.
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1 Introduction (Smeets et al., 2014; Lee et al., 2017). In addition, a

notable positive association has been established be-

Peri-implantitis is characterized by the inflamma-
tion and progressive loss of supporting bone tissue
surrounding a functioning dental implant, leading to
irreversible damage (Zitzmann et al., 2001). In recent
studies, the prevalence of peri-implantitis has been
found to be 19.0% and 11.2% among patients and im-
plants, respectively (Zhang et al., 2018). This condi-
tion is associated with progressive bone loss, bone re-
sorption, impaired osseointegration, increased pocket
formation, and the presence of purulent discharge
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tween the occurrence of peri-implantitis and the length
of implant function (Derks and Tomasi, 2015). Cur-
rently, peri-implantitis treatment methods can reach a
high implant survival rate (SR), with around three-
quarters of implants treated for peri-implantitis still
present after five years; however, disease recurrence,
bone loss progression, and implant loss still occur
(Heitz-Mayfield et al., 2018), demonstrating that there
is still room for improvement.

According to a recent evaluation, the risk factors
associated with peri-implantitis development include
poor plaque control, smoking, infrequent periodontal
treatment, a history of periodontitis, excess cement,
insufficient keratinized mucosa, diabetes, and other
systemic diseases (Darby, 2022). Similar to that in peri-
odontitis (Zhao et al., 2023), all of the aforementioned
conditions impair the capacity to remove dental plaque,
which is still thought to be the primary etiological
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agent of peri-implantitis (Berglundh et al., 2018).
As a result, therapeutical techniques aiming at plaque
management are critical for treating peri-implantitis.

A range of therapies have been applied, including
non-surgical and surgical treatments, with the former
being successful for peri-mucositis but inconclusive
for peri-implantitis (Claffey et al., 2008; Khoshkam
et al., 2013; Chan et al., 2014). According to research,
it is difficult to reduce bacterial loads to the threshold
level for disease transmission using simply mechan-
ical measures (Renvert et al., 2007; Figuero et al.,
2014; Heitz-Mayfield and Mombelli, 2014). As a re-
sult, monotherapy may not be effective for disease con-
trol, prompting the consideration of surgical therapy
and adjuvant devices.

The utility of antibiotics as adjunctive therapy
has been demonstrated in controlling intra-oral bio-
film, managing clinical symptoms, and promoting radio-
graphic bone regeneration (Keestra et al., 2015; Cha
et al., 2019). According to the study by Graziani et al.
(2017), the use of systemic antibiotics could be cru-
cial in managing conditions primarily attributed to
bacterial plaque. Extensive evidence supports its effi-
cacy in both non-surgical and surgical interventions
for periodontitis under specific circumstances (Rovai
et al., 2016; Santos et al., 2016). Moreover, it is posited
that adjunctive antibiotic therapy should be consi-
dered for the treatment of peri-implantitis owing to
the etiological commonalities, and numerous clinical
studies were conducted to assess the effectiveness of
this approach (Mombelli and Lang, 1992; Smeets
et al., 2014; Carcuac et al., 2016).

In contrast, antibiotics can lead to adverse effects,
like resistance and dysbiosis, among other undesir-
able outcomes (Singh et al., 2014). Reviews on the ef-
ficacy of antibiotics have indicated that additional ran-
domized controlled clinical trials (RCTs) are required
to validate their usage (Klinge et al., 2002; Grusovin
et al., 2022). In specific instances, the administration
of adjunctive pharmacotherapy did not confer add-
itional enhancement in clinical or microbiological out-
comes compared to mechanical debridement or surgi-
cal intervention as monotherapy (Santos et al., 2016;
Carcuac et al., 2017). Therefore, researchers are explor-
ing alternative treatments such as laser therapy, anti-
microbial photodynamic therapy, and antibacterial
medicines (Li et al., 2022; Yong et al., 2023). However,

whether these treatment modalities can replace anti-
biotics still requires further investigations in academic
research. Currently, some scholars have conducted
meta-analyses on the efficacy of adjunctive antibiotic
therapy in treating peri-implantitis; however, most of
them have been limited to interventions in surgical or
non-surgical treatment settings (Keestra et al., 2015;
Rovai et al., 2016; Grusovin et al., 2022; Baus-
Dominguez et al., 2023; Teughels et al., 2023). In a re-
view encompassing both surgical and non-surgical
treatments (Wang et al., 2022), subgroup analyses
were performed only on local or systemic antibiotic
administrations, with the conflation of peri-implantitis
and mucositis in the analysis. Furthermore, the out-
come measures in current meta-analyses are far from
comprehensive.

This review investigated the outcomes of implants
treated for peri-implantitis by surgical or non-surgical
methods, comparing the results with or without sup-
plementary antibiotics through a meta-analysis. The ob-
jective was to assess whether antibiotics demonstrate
superior efficacy in treatment for peri-implantitis. A
systematic umbrella review concerning this topic has
been conducted (Boccia et al., 2023); however, a de-
tailed analysis pertinent to the subject is lacking. Our
study exclusively included RCTs to acquire higher-
quality outcomes. Pocket probing depth (PPD), bone
level (BL), and clinical attachment level (CAL) changes
and implant SR were evaluated.

2 Methods

2.1 Focused question: Population, Intervention,
Comparison, and Outcome (PICO)

The PICO approach was adopted to ask the fo-
cused question: “Can adjunctive antibiotics demon-
strate superior efficacy, compared to other adjuvant
approaches, in the treatment of peri-implantitis?”’

The PICOS elements included: Population (P),
based on available evidence, patients affected by peri-
implantitis; Intervention (I), systematic or local anti-
biotic treatment as an adjunct; Comparison (C), treat-
ment with other alternative options or no adjunctive
treatment; Outcome (O), the evaluation of outcomes
methodically conducted by measuring alterations in
PPD, BL, and CAL, in addition to SR; Study (S),
RCTs.



2.2 Eligibility criteria

The inclusion criteria for articles were estab-
lished as follows: (1) at least three months of follow-
up for adults in good general health; (2) identification
of peri-implantitis with precision through research;
(3) antibiotics evaluated in peri-implantitis research
against other adjuvant treatments; (4) changes in clin-
ical parameters compared at the implant level to deter-
mine effectiveness, including PPD decreases, CAL
gains, and BL gains; (5) the study written in English
language; and (6) the study designed as randomized
controlled clinical trial.

The following exclusion criteria were applied
to evaluate pre-selected studies: (1) peri-implantitis
lacking a clear clinical definition; (2) medication type
or dosage not described in sufficient detail; (3) dupli-
cate studies; (4) systematic reviews, in vitro studies,
cross-over studies, commentaries, case reports, unpub-
lished articles, and letters to the editor; (5) data given
only at the patient level but not the implant level.

2.3 Information source

All relevant articles were collected from PubMed,
Embase, and Cochrane Central Register of Controlled
Trials (CENTRAL) by the researchers. The search in-
cluded English publications up until July 1, 2023. Add-
itionally, to ensure comprehensive coverage, the ref-
erence lists of chosen articles were independently ex-
amined to identify potential studies that could have
been missed during the initial search.

Two authors (namely Yifan LU and Siqi BAO)
independently conducted the data extraction. Dis-
crepancies were resolved either until consensus was
reached via discussion or by seeking input from a
third author.

Initially, the eligibility criteria were applied to
exclude articles by evaluating their titles or abstracts.
Afterwards, a more refined selection was achieved by
screening the full texts.

The essential features of each study were out-
lined, encompassing details such as the primary au-
thor, publication year, research methodology, enroll-
ment size of patients or implants, groups, interven-
tions, diagnostic standards, outcome assessments, and
durations of follow-up. In cases where information was
missing, efforts were undertaken through email com-
munication to reach out to the corresponding author
with the intention of acquiring comprehensive data. In
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the absence of a response, an identical email was for-
warded to the co-authors. Should there be no reply,
the study was excluded from the analysis.

2.4 Search strategy

The searching strategy was as follows: (“drug
delivery” OR “drug implants” OR “drug compound-
ing” OR “drug release” OR “local drug treatment”
OR “medication” OR “drug treatment” OR “antibac-
terial agents” OR “local drug administration” OR
“anti-microbial” OR “bactericides” OR “anti-infective
agents” OR “antibiotics” OR “systemic antibiotics”
OR “antibiotic prophylaxis”) AND (“peri-implantitis”
OR “periimplantitis” OR “peri-implant disease®*” OR
“peri-implant infection” OR “peri-implantitides” OR
“peri-implant bone loss” OR “periimplant mucositis”
OR “periimplant” OR “peri-implant mucositis” OR
“dental implant inflammation” OR “peri-implant™)
AND “randomized controlled trial.”

2.5 Effect measures and synthesis methods

The mean+tstandard deviation (SD) effect meas-
ures were used to record all outcomes. In the case
where there was a minimum of two studies featuring
similar interventions and observation time that could
be compared, Review Manager (RevMan, Version 5.3
for Mac) was utilized to perform a meta-analysis,
merging the data for each outcome measurement. To
assess heterogeneity among the studies, /° statistics
were employed: I values falling within the range of
25%—50% suggested low heterogeneity; values within
50%—75% indicated medium heterogeneity; values ex-
ceeding 75% denoted high heterogeneity (Higgins et al.,
2003). Significant heterogeneity was deemed present
when the I” statistics surpassed 50%. In instances of
non-significant heterogeneity (°<50%), fixed-effects
models were employed. Conversely, random-effects
models were used in cases of significant heterogene-
ity (I>50%) (Higgins et al., 2003). The criterion for
statistical significance was set at P<0.05. The findings
of the analysis were presented using forest plots, dis-
playing the weighted mean difference (WMD) along
with a 95% confidence interval (CI). All outcomes
were calculated at the implant level.

The studies were categorized into two subgroups
for analysis: (1) patients who received surgical or non-
surgical treatment, and (2) patients who used systemic
or local antibiotics.
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2.6 Reporting bias assessment

The screened human clinical articles were evalu-
ated for bias risk using the Cochrane Collaboration
tool (Higgins et al., 2011). This assessment considers
various factors such as detection bias, selection bias,
performance bias, and biases of other sources. Each
item was classified as having a low, high, or unclear
risk of bias. An overall estimation of bias risk was de-
termined for each study based on a cumulative score.
The study was regarded as having a low risk of bias
if all the items were evaluated as low. In contrast,
when any item was deemed to have an unclear or
high risk of bias, that study was evaluated as one with
an unclear or high risk of bias.

3 Results
3.1 Study selection

The flowchart of the literature search and screen-
ing process is presented in Fig. 1. Seven studies were
included in the systematic review, featuring a total
of 309 patients (390 implants).

3.2 Study characteristics

The included studies were summarized in Tables S1
and S2, providing an overview of the research. Across
these studies, the average ages of patients varied

PubMed (n=89) Additional records
Embase (n=205)

Cochrane (n=43) hand search (n=3)

between 58.31 and 66.30 years, and the follow-up
periods ranged from 3 to 12 months. All studies pro-
vided information on smoking habits, with four of
them specifically focusing on nonsmokers (Cha et al.,
2019; Shibli et al., 2019; Emanuel et al., 2020) or
light smokers (Park et al., 2021). Four studies recorded
the history of periodontal disease (Carcuac et al., 2016;
Cha et al., 2019; Blanco et al., 2022; Polymeri et al.,
2022), and the groups were comparable at the begin-
ning of the research. Four studies described the type
of implant used: one study mentioned only the im-
plant brand (Polymeri et al., 2022), one study only
specified the implant surface (Park et al., 2021), and
the remaining two studies included multiple types of
implants, providing details on both implant brand and
surface (Carcuac et al., 2016; Cha et al., 2019).
Detailed treatment information in the included
studies was listed in Table S3. The protocols for de-
bridement and ultrasonic instruments implemented in
the non-surgical treatment included Teflon curettes
(Shibli et al., 2019), polyether ether ketone (PEEK),
fiber tip with carbon fiber reinforced plastic hand
instruments (Polymeri et al., 2022), and ultrasonic
steel scaling inserts (Park et al., 2021; Blanco et al.,
2022). Despite variations among studies, the main-
tenance protocols were outlined in all of them. Two
studies used 0.12% (volume fraction) chlorhexidine,
with one instructing patients to rinse it off after treat-
ment (Polymeri et al., 2022), and the other using it

identified through ~ —»  Duplicate records (n=85)

Titles and abstract screened (n=255) —» Records excluded (n=228)

l

Full text assessed for eligibility (n=27) —>» Full-text articles excluded for below reasons (n=20)

Studies included in the review (n=7)

* Lack of outcomes on implant level (n=4)
* Not related to peri-implantitis (n=7)

» Without clinical outcomes (n=5)

* Follow-up <3 months (n=2)

« Without full text (n=1)

* Lack of follow-up (n=1)

Fig. 1 Flowchart of the process of literature search and selection.



before, during, and after the debridement (Blanco
et al., 2022). In studies using surgical treatment, sub-
gingival scaling/debridement with the open-flap tech-
nique was applied. The use of local anesthesia was
reported in all three studies (Carcuac et al., 2016;
Cha et al., 2019; Emanuel et al., 2020). Adjunctive
antibiotics were administered either locally (Cha et al.,
2019; Emanuel et al., 2020; Park et al., 2021) or sys-
temically (Carcuac et al., 2017; Shibli et al., 2019;
Blanco et al., 2022; Polymeri et al., 2022).

3.3 Risk of bias across studies

An overview of the assessment of bias risk was
presented in Fig. 2. Not all studies provided detailed
descriptions of blinding and randomized allocation
methods. None of the studies were classified as hav-
ing a low risk of bias, five studies were categorized as
having an unclear risk of bias (Carcuac et al., 2016;
Cha et al., 2019; Shibli et al., 2019; Park et al., 2021;
Polymeri et al., 2022), and the remaining studies were
deemed to have a high risk of bias (Emanuel et al.,
2020; Blanco et al., 2022).

3.4 Meta-analysis

3.4.1 Synthesis of results for changes in pocket
probing depths

In general, the utilization of adjunctive antibiotics
demonstrated marked improvement in PPD reduction
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compared to controls (WMD=1.10, 95% CI 0.78 to
1.43, P<0.00001; Fig. 3). Moreover, the beneficial ef-
fects of both surgical and non-surgical treatments, in
combination with local or systemic antibiotics, were
also evident in the subgroup analysis. Fortunately, het-
erogeneity in the subgroups was considered relatively
low (I* in both systemic and local antibiotic subgroups
equaled 0%, and 7° in surgical subgroup equaled
37%), except for slightly higher heterogeneity in the
non-surgical subgroup (I°=58%).

3.4.2 Synthesis of results for survival rates

Six studies provided comparisons of SRs between
adjunctive antibiotics and control groups. Consistency
in defining treatment success was observed in six
studies. The antibiotic group demonstrated enhanced
treatment efficacy compared to the control group
(weighted pooled odds ratio=2.37; 95% CI 1.53 to
3.65, P=0.0001; Fig. 4). Similar results were found in
subgroups (Fig. 4), and the heterogeneity test results
were satisfactory (1°<20%).

3.4.3 Synthesis of results for changes in clinical
attachment levels

Only three studies assessed the changes in CAL
over a 12-month period. Significantly reduced attach-
ment loss was observed in the groups receiving anti-
biotics as compared to the control group, according to

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

Fig. 2 Summary of bias risk. Each round marker represents the result of each study’s assessment of different bias-risk
items, with color of green, yellow, and red presenting low, unclear, and high risk of bias, respectively.
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SD Total Mean SD Total Weight IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Mean Difference

3.1.1 PPD (non-surgical treatment)

Blanco et al. (2022) 2.24 0.76 28 0.76 0.43 34 26.2% 1.48 [1.16, 1.80] &
Park et al. (2021) 1.95 1.28 39 1.28 1.15 39 17.7% 0.67[0.13, 1.21] —
Polymeri et al. (2022) 2.28 1.49 18 1.47 1.95 19  6.8% 0.81[-0.30,1.92] =

Shibli et al. (2019) 31 1.2 20 1.8 0.2 20 18.0% 1.30[0.77,1.83] —
Subtotal (95% CI) 105 112 68.7% 1.15 [0.73, 1.57] -
Heterogeneity: Tau?=0.10; Chi?=7.09, df=3 (P=0.07); />=58%

Test for overall effect: Z=5.36 (P<0.00001)

3.1.2 PPD (surgical treatment)

Carcuac et al. (2016) 3.49 1.54 46 2.18 1.54 49 15.4% 1.31 [0.69, 1.93] —
Cha et al. (2019) 2.68 1.73 24 1.55 1.86 22 7.6% 1.13 [0.09, 2.17] pe==————
Emanuel et al. (2020) 1.59 1.22 18 1.33 1.54 14 8.3% 0.26[-0.72, 1.24] =
Subtotal (95% CI) 88 85 31.3% 0.98 [0.35, 1.60] .
Heterogeneity: Tau?=0.11; Chi?=3.17, df=2 (P=0.20); 1>=37%

Test for overall effect: Z=3.07 (P=0.002)

Total (95% CI) 193 197 100.0% 1.10 [0.78, 1.43] <&
Heterogeneity: Tau?=0.08; Chi2=10.94, df=6 (P=0.09); />=45% 5_4 _52 3 é 45

Test for overall effect: Z=6.66 (P<0.00001)
Test for subgroup differences: Chi2=0.20, df=1 (P=0.65); 1>=0%
Antibiotics Control

Study or Subgroup Mean

SD Total Mean SD Total Weight IV, Random, 95% CI

Antibiotics Control

Mean Difference
1V, Random, 95% CI

Mean Difference

3.2.1 PPD (local antibiotics)

Cha et al. (2019) 2.68 1.73 24 1.55 1.86 22 7.6% 1.13 [0.09, 2.17]

Emanuel et al. (2020) 1.59 1.22 18 1.33 1.54 14 8.3% 0.26 [-0.72, 1.24] S
Park et al. (2021) 1.95 1.28 39 1.28 1.15 39 17.7% 0.67 [0.13, 1.21] —a
Subtotal (95% CI) 81 75 33.7% 0.67 [0.24, 1.10] -
Heterogeneity: Tau?=0.00; Chi?=1.42, df=2 (P=0.49); I>=0%

Test for overall effect: Z=3.05 (P=0.002)

3.2.2 PPD (systemic antibiotics)

Blanco et al. (2022) 2.24 0.76 28 0.76 0.43 34 26.2% 1.48 [1.16, 1.80] —-
Carcuac et al. (2016) 3.49 1.54 46 2.18 1.54 49 15.4% 1.31[0.69, 1.93] —
Polymeri et al. (2022) 2.28 1.49 18 1.47 1.95 19 6.8% 0.81[-0.30, 1.92] &

Shibli et al. (2019) 3.1 1.2 20 1.8 0.2 20 18.0% 1.30[0.77, 1.83] ——
Subtotal (95% CI) 112 122 66.3% 1.38 [1.14, 1.63] <&
Heterogeneity: Tau?=0.00; Chi?=1.52, df=3 (P=0.68); />=0%

Test for overall effect: Z=11.16 (P<0.00001)

Total (95% CI) 193 197 100.0% 1.10 [0.78, 1.43] <o
Heterogeneity: Tau?=0.08; Chi?=10.94, df=6 (P=0.09); />=45% 1_4 —{2 ) é 47

Test for overall effect: Z=6.66 (P<0.00001)
Test for subgroup differences: Chi?=8.00, df=1 (P=0.005); />=87.5%

Antibiotics Control

Fig. 3 Forest plot of pocket probing depth (PPD) and meta-analyses for the comparison of PPD changes. SD: standard
deviation; CI: confidence interval; I'V: inverse variance; df: degree of freedom.

the meta-analysis (WMD=1.28, 95% CI 1.00 to 1.55,
P<0.00001; Fig. 5). The result was similar when con-
sidering the condition using non-surgical treatment
plus adjunctive systemic antibiotics (WMD=1.34,
95% CI 1.05 to 1.62, P<0.00001; Fig. 5) with low
heterogeneity (1°=0%).

3.4.4 Synthesis of results for changes in bone levels

Changes in the BL for five researches differed
significantly between the two groups (WMD=0.80,
95% CI 0.25 to 1.34, P=0.004; Fig. 6). In addition,
a great amount of heterogeneity was found (Chi’=
49.47, I'=92%; P<0.00001). When focusing on the
results of subgroup analysis, those taking surgical
method or local antibiotics showed remarkable
higher BLs in antibiotic groups (Fig. 6), but the

heterogeneity results were both high (/°=81% and
1’=75%, respectively).

4 Discussion

Overall, notable clinical benefits were observed
when treating peri-implantitis with the inclusion of
supplementary antibiotics. These benefits included a
significant reduction in PPD, improved BL, enhanced
CAL, and overall treatment success. When subgroup
analysis was conducted, it was observed that the bene-
fits of antibiotics were particularly pronounced in
terms of PPD reduction and treatment success across
all treatment methods. In addition, antibiotics in con-
junction with surgical therapy or local antibiotics re-
sulted in reduced bone loss compared to control
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
4.1.1 SR (non-surgical treatment)
Blanco et al. (2022) 16 28 8 34 11.6% 4.33[1.46, 12.89]
Park et al. (2021) 12 39 8 39 20.8% 1.72[0.61, 4.84] —t—
Polymeri et al. (2022) 1 18 1 19 3.5% 1.06 (0.06, 18.30]
Shibli et al. (2019) 13 50 11 50 30.6% 1.25 [0.50, 3.13] —
Subtotal (95% CI) 135 142 66.5% 1.93 [1.10, 3.37] R
Total events 42 28
Heterogeneity: Chi?=3.20, df=3 (P=0.36); 1>=6%
Test for overall effect: Z=2.29 (P=0.02)
4.1.2 SR (surgical treatment)
Carcuac et al. (2016) 30 46 18 48 23.0% 3.13 [1.35, 7.26] .
Cha et al. (2019) 16 24 8 22 10.5% 3.50([1.04,11.79] —
Subtotal (95% CI) 70 70 33.5% 3.24 [1.62, 6.48] B
Total events 46 26
Heterogeneity: Chi?=0.02, df=1 (P=0.88); />=0%
Test for overall effect: Z=3.33 (P=0.0009)
Total (95% CI) 205 212 100.0% 2.37 [1.53, 3.65] <
Total events 88 54
Heterogeneity: Chi*=4.54, df=5 (P=0.47); I*=0% %.02 0?1 1:*0 50%
Test for overall effect: 2=3.89 (P=0.0001) Favours [experimental] Favours [control]
Test for subgroup differences: Chi?=1.31, df=1 (P=0.25); I>=23.9%
Antibiotics Control 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
4.2.1 SR (local antibiotics)
Cha et al. (2019) 16 24 8 22 10.5% 3.50[1.04,11.79]
Park et al. (2021) 12 39 8 39 20.8% 1.72[0.61, 4.84] ——
Subtotal (95% CI) 63 61 31.3% 2.32 [1.06, 5.06] .
Total events 28 16
Heterogeneity: Chi?=0.76, df=1 (P=0.38); I>=0%
Test for overall effect: Z=2.11 (P=0.04)
4.2.2 SR (systemic antibiotics)
Blanco et al. (2022) 16 28 8 34 11.6% 4.33[1.46, 12.89] —_—
Carcuac et al. (2016) 30 46 18 48 23.0%  3.13[1.35, 7.26] —_—
Polymeri et al. (2022) 1 18 1 19 3.5% 1.06 [0.06, 18.30]
Shibli et al. (2019) 13 50 11 50 30.6% 1.25[0.50, 3.13] —Ta—
Subtotal (95% CI) 142 151 68.7% 2.39 [1.42, 4.03] -
Total events 60 38
Heterogeneity: Chi?=3.77, df=3 (P=0.29); I>=20%
Test for overall effect: Z=3.27 (P=0.001)
Total (95% CI) 205 212 100.0% 2.37 [1.53, 3.65] <o
Total events 88 54
e Chiz=, i . B L . \ )
Heterogeneity: Chi2=4.54, df=5 (P=0.47); I*=0% D02 o1 1o 50
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Fig. 4 Forest plot of survival rate (SR) and meta-analyses for the comparison of SR. SD: standard deviation; CI:
confidence interval; M-H: Mantel-Haenszel; df: degree of freedom.
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Fig. 5 Forest plot of clinical attachment level (CAL) and meta-analyses for the
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Fig. 6 Forest plot of bone level (BL) and meta-analyses for the comparison of BL. SD: standard deviation; CI: confidence

interval; IV: inverse variance; df: degree of freedom.

groups. It is noteworthy that, for the subgroup receiv-
ing non-surgical treatment combined with systemic
antibiotics, a significant improvement was reported at
the CAL, which was not observed in other subgroups.

4.1 Local and systemic antibiotics

The substantial variability identified in the studies
reporting BLs (1°=92%; Fig. 6) can be explained by
the varied measurements employed in the different
researches and whether they were performed by more
than one individual. For example, Shibli et al. (2019)
measured the distance between the levels of the abut-
ment and the top of the alveolar ridge with intraoral
radiographs, whereas Emanuel et al. (2020) evaluated
this parameter with standardized periapical radiographs
relating to the reference point of implant; additionally,
In the study by Carcuac et al. (2016), two investigators

separately measured the mean values, which was not
mentioned in other studies.

In the studies concerned by this review, the use
of antibiotics as systemic adjuvant could significantly
ameliorate peri-implant inflammation in the short term,
which was also proved in other meta-analyses (Gruso-
vin et al., 2022; Feres et al., 2023). However, other re-
viewers doubted the effect of systemically-delivered
antibiotics in combination with non-surgical or surgi-
cal treatment (Baus-Dominguez et al., 2023; Boccia
et al., 2023), especially in the long term (Teughels
et al., 2023). Besides, the side effects of systemic anti-
biotics can also make peri-implantitis more chal-
lenging to control. A systematic review by Verdugo
et al. (2016) expressed concerns regarding the possi-
bility of recurrent peri-implant opportunistic bacter-
ial, viral, and yeast infections in immunocompetent



patients, in which several researches advocated drug
sensitivity testing prior to systemic antibiotic use, al-
though this was not performed in these studies.

The advantages of local antibiotic administration
encompass the option to attain high concentrations at
the targeted site, coupled with a lower risk of adverse
effects and antibiotic resistance. Similarly, repeated
and regular dosing is more conducive to antibiotic ef-
ficacy, and the patient’s compliance does not affect
the clinical advantages. The major drawbacks include
significant cost and the need for experienced dentists
to administer the treatment. The meta-analysis indi-
cated substantial improvements in PPD (WMD=0.67,
95% CI10.24 to 1.10), I’=0%, SR (WMD=2.32, 95% CI
1.06 to 5.06, I’=0%), and BL (WMD=0.78, 95% CI
-0.10 to 1.66, I’=75%) in the local antibiotic group.
These findings align with the comprehensive review
and meta-analysis conducted by Rovai et al. (2016),
examining the supplementary impact of local anti-
biotic therapy in treating peri-implantitis. Furthermore,
a recent analysis confirmed the promising performance
of local antibiotics in surgical interventions (Baus-
Dominguez et al., 2023). However, due to a paucity
of data, it was difficult to interpret the results in terms
of CAL and BL. What is more, Emanuel et al. (2020)
found significantly higher bone growth in antibiotic
groups than in control groups after 6 months (—1.08=
1.25 vs. 0.2441.14, P=0.005) and 12 months follow-
up (—0.88+1.23 vs. -0.33+1.00, P=0.006), and sig-
nificantly higher CAL in the antibiotic group after
12 months of follow-up (=2.21+1.27 vs. —0.42+1.38,
P=0.001), suggesting that local antibiotics may also
have a beneficial effect on the BL and CAL. In add-
ition, the observation time of relevant studies on top-
ical antibiotics was shorter, and longer observation
time is required, which is consistent with Passarelli
et al. (2021).

4.2 Surgical and non-surgical treatments

The adjunctive use of antibiotics in surgical treat-
ment significantly improved PPD (WMD=0.98, 95%
CI 0.35 to 1.60, I’=37%), SR (WMD=3.24, 95% CI
1.62 to 6.48, I'=0%), and BL (WMD=0.92, 95% CI
0.28 to 1.56, 1’=81%). Except for BL, the heterogen-
eities for those values were modest, making the results
more plausible. However, due to the lack of CAL data,
meta-analysis could not be performed. Another meta-
analysis of adjuvant antibiotics in non-surgical treat-
ment found similar results for PPD and concluded
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that adjuvant antibiotics can be used when mechan-
ical debridement does not reach the therapeutic objec-
tives (Grusovin et al., 2022). On the other hand, fol-
lowing a network meta-analysis investigating the im-
pact of non-augmentative techniques in surgical inter-
ventions for peri-implantitis treatment, the adjuvant
uses of systemic antibiotics did not improve additional
PPD or BL in peri-implantitis treatments. This included
studies that did not directly compare antibiotics with
other forms of adjuvant treatment, which may explain
the disparity in the conclusions.

Notably, remarkable enhancements in PPD
(WMD=1.15, 95% CI 0.73 to 1.57, I’=58%), SR
(WMD=1.93, 95% CI 1.10 to 3.37, I’=6%), and
CAL (WMD=1.34, 95% CI 1.05 to 1.62, I’=0%) were
observed in the meta-analysis of adjuvant antibiotics
in non-surgical treatment. The current findings are par-
tially consistent with prior researches, which indicated
that supplemental antibiotics in non-surgical treatment
for peri-implantitis improved PPD and SR (Grusovin
et al., 2022). There was no significant difference in
BL (WMD=0.62, 95% CI -0.49 to 1.74, I’=97%),
and given the substantial overlap of data within the
meta-analysis between the non-surgical treatment and
systemic antibiotic subgroups, attributing the observed
effect specifically to the adjunctive use of antibiotics
in non-surgical therapy remains challenging. It merits
attention that, within a prospective case series analy-
sis employing systemic antibiotics, the authors posited
that the efficacy of non-surgical treatment modalities
is questionable (Vilarrasa et al., 2023), which inspires
us to conduct further investigation.

4.3 Treatment methods used in the control groups

In this review, the control groups in two trials
(Emanuel et al., 2020; Park et al., 2021) received no
extra therapy, while they received placebo in other
three studies (Cha et al., 2019; Shibli et al., 2019;
Blanco et al., 2022). In the remaining two articles
(Carcuac et al., 2016; Polymeri et al., 2022), patients in
control groups were rinsed with chlorhexidine, which
was applied in the antibiotic group in the study of
Carcuac et al. (2016). In a way, these “control groups”
did not use the updated techniques, such as laser
therapy and photodynamic therapy, even if the calcu-
lations showed that the effect of adjuvant use of antibi-
otics was superior to other adjuvant approaches.
Thus, we cannot conclude that “adjunctive antibiotics
are still the best adjuvant therapy for the treatment
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of peri-implantitis.” Rather, the utilization of adjunc-
tive antibiotics demonstrates enhanced effectiveness
in addressing peri-implantitis when compared to
adjuvant chlorhexidine rinsing or no additional therapy
in terms of reducing periodontal pocket depth, control-
ling bone resorption and attachment loss, and im-
proving implant SR. Additionally, in another meta-
analysis (Zhao et al., 2021), our research team ob-
served no substantial disparity in the impact of supple-
mentary photodynamic therapy or supplemental anti-
biotics in the treatment of peri-implant inflammation.
In fact, some other systematic reviews have found
different impacts for different adjunctive measures,
where antimicrobials could reduce PPD via a local
or systemic method (Lifiares et al., 2023). Because
only RCTs were included in this review, and there are
currently no relevant RCTs to validate the new tech-
nologies, we need more updated and higher-quality re-
search on the adjuvant treatment of peri-implantitis to
help clinicians make more informed decisions.

4.4 Sulcus bleeding index and microbiological
results

The gingival sulcus bleeding index can detect
early peri-implant mucosal inflammation (Lu et al.,
2018). Due to the common occurrence of bacterial
biofilms, peri-implant disease often arises, and alter-
ations in the microbiome can be used to predict treat-
ment effectiveness (Alves et al., 2022).

Changes in the gingival bleeding index were as-
sessed in four articles (Cha et al., 2019; Emanuel et al.,
2020; Park et al., 2021; Polymeri et al., 2022), and only
two of these trials revealed significant differences
between the control and antibiotic groups (Emanuel
et al., 2020; Park et al., 2021). Due to the diverse dis-
play techniques of bleeding on probing (BOP) scores,
such as dichotomous and continuous approaches, no
further data processing was performed in this work.
In the previous meta-analysis review by Zhao et al.
(2021), no distinction was observed between the con-
trol and antibiotic groups regarding the impact of ad-
junctive antimicrobial photodynamic therapy and anti-
biotics implemented in the treatment of peri-implantitis,
which can be regarded as a reference for the effect of
adjunctive antibiotics on the BOP indicator.

Microbiome results were also highlighted in five
researches (Carcuac et al.,, 2016; Cha et al., 2019;
Shibli et al., 2019; Park et al., 2021; Blanco et al.,

2022), all of which discovered a substantial drop in
oral microbiome following therapy. Two papers indi-
cated microbiome regeneration after three months
(Carcuac et al., 2016; Shibli et al., 2019), and the
microbiota in the antibiotic groups exhibited a signifi-
cant decrease throughout the entire study period. The
abundance of Porphyromonas gingivalis in the con-
trol group at the follow-up exhibited a significant re-
duction compared to the initial levels (Park et al.,
2021). In other studies that did not report the number
rebound, groups without antibiotic treatment exhibited
a substantial decrease in bacterial count. This implies
that only surgical/non-surgical treatment may be
“sufficient” in microflora control. Certainly, the em-
ployment of contemporary methodologies, such as the
sequencing analysis technologies, is imperative to
facilitate further research (Chen et al., 2023).

The varying conclusions across studies could be
attributed to variations in the sampling methods used
for microbiological analysis. For example, one study
utilized DNA-DNA checker hybridization, but the
majority of the listed studies employed colony form-
ing unit (CFU) to determine the number of bacteria.

4.5 Strengths and limitations

The key weaknesses of this review are the inclu-
sion of papers with a high-quality bias and the ab-
sence of pertinent RCTs. It is important to highlight
that different trials may have variations in treatment
techniques, materials, prosthesis management, and dos-
age administration, which can potentially introduce
bias in the results. Furthermore, the previously men-
tioned treatment limitations in the control groups also
contribute to potential bias. In the study by Cha et al.
(2019), all patients took systemic antibiotics after ther-
apy, which could have skewed the results. To minim-
ize the impacts of different data selection methods
and observation time on the results, we selected the
average value of multiple site data at the implant level
as the analysis data, and considered data recorded as
much as possible beyond the follow-up period of six
months. Moreover, only data from two investigations
(Emanuel et al., 2020; Blanco et al., 2022) were evalu-
ated with numerous indicators, which also reduced
the representativeness of data. Finally, due to the lack
of pertinent reports, it is challenging to interpret the
findings of these studies regarding the harmful effects
of antibiotics.



5 Conclusions

The administration of adjunctive antibiotics
in the management of peri-implantitis can achieve a
beneficial impact on short-term treatment outcomes,
whereas possible side effects, such as drug resistance,
still need to be considered. There is a lack of research
comparing antibiotics to other emerging adjunctive
technologies for peri-implantitis management, highlight-
ing the need for further investigations. In general, the
adjunctive use of antibiotics in the treatment of peri-
implantitis still needs to be undertaken with caution.
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